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(54) HYDRAULIC CIRCUIT FOR HYDRAULIC MACHINE 



(57) A hydraulic circuit is intended to enable a plu- 
rality of hydraulic actuators to be locked or unlocked at 
the same time no matter whether control valves control- 
ling pressurized oil feed to the hydraulic actuators are 
pilot-controlled or not To this end, the circuit is provided 



with oil lines leading from hydraulic pumps to an oil tank 
without passing through the control valves and with first 
and second selector valves 20 and 24 opening or clos- 
ing the oil lines. 
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Description 

Technical Field 

The present invention relates to a hydraulic circuit 
for hydraulic equipment used in various types of con- 
struction work, such as hydraulic shovels. 

Background Art 

Some hydraulic equipment for construction work is 
arranged to control pressurized oil fed to a plurality of 
hydraulic actuators, using their corresponding control 
valves. Switching means for such control valves include 
pilot-operated means, which use pilot pressurized oil 
fed to control valves, and other means, for example, 
manual, mechanical, and electrical means. 

Since control equipment for such means, including 
operating levers, is sometimes operated unexpectedly 
against the operator's will, a safety locking mechanism 
needs to be installed in hydraulic equipment to prevent 
hydraulic actuators from operating accidentally. To form 
such a safety locking mechanism, conventional pilot- 
operated means have safety valves installed in pilot oil 
lines between pilot pressurized oil sources and pilot 
valves, switching pilot pressurized oil feed to control 
valves. When a safety valve is closed, pilot pressurized 
oil is not fed to a control valve, so that it cannot be 
switched to their pressurized oil feed position. However, 
when the operator unlocks the safety lever in the opera- 
tor's seat, for example, the safety valve opens, thus 
allowing pilot pressurized oil to be fed to the control 
valve. The other means mentioned above have 
mechanical locking devices attached to the control 
equipment, by use of which devices the operator locks 
or unlocks the control equipment. 

Locking mechanisms for switching means other 
than pilot-operated means have a problem of a locking 
device being required by the individual control equip- 
ment. What is worse, operating such a locking device is 
troublesome because it needs to be operated every 
time locking or unlocking is done. To solve these prob- 
lems, the idea has been proposed that locking devices 
for switching means are interlocked so that locking and 
unlocking can be done using switches. Mechanisms 
based on the idea, however, also need locking devices 
for their individual control equipment, which consist of 
many parts and are complex in structure and costly. 
This is a problem which the present invention is 
intended to solve. 

Another problem with conventional switching 
means is that safety valves for pilot-operated means 
and those for other means use different locking mecha- 
nisms. 

Disclosure of the Invention 

Taking into account the foregoing, the present 



invention has been made to solve the problems 
described above. According to a first aspect of the 
present invention, a hydraulic circuit for hydraulic equip- 
ment, which circuit is arranged so that pressurized oil 

5 feed to a plurality of hydraulic actuators is controlled 
using their corresponding control valves, wherein there 
are provided an unloading oil line that leads from a pres- 
surized oil source, which feeds pressurized oil to said 
plurality of hydraulic actuators, to an oil reservoir without 

10 passing through the control valves and an unloading oil 
line selector valve that opens or closes the unloading oil 
line. The hydraulic circuit enables pressurized oil feed to 
the hydraulic actuators to be stopped by opening the 
unloading oil line, so that the hydraulic actuators are 

15 locked at the same time. This eliminates the need for 
troublesome locking of individual hydraulic actuators. 

According to a second aspect of the present inven- 
tion, a hydraulic circuit for hydraulic equipment, which 
circuit is arranged so that pressurized oil feed to a plu- 

20 rality of hydraulic actuators is controlled using their cor- 
responding control valves and uses both pilot-controlled 
means, relying on pilot pressurized oil fed to the control 
valves to switch them, and other means as valve switch- 
ing means, wherein there are provided an unloading oil 

25 line that leads from a pressurized oil source feeding 
pressurized oil to said hydraulic actuators to an oil res- 
ervoir without passing through the control valves of the 
at least other means and an unloading oil line selector 
valve that opens or closes the unloading oil line, and fur- 

30 thermore there is provided a branch pilot oil line 
between a supply source of said pilot pressurized oil 
and a pilot valve switching pilot pressurized oil into said 
control valve, said unloading oil line selector valve is 
arranged to switch from open position to closed position 

35 by feeding pilot pressurized oil through the branch pilot 
oil line and a pilot oil line selector valve for opening or 
closing said pilot oil line is placed in a pilot oil line 
between said pilot pressurized oil source and a branch 
point for opening or closing said pilot oil line. The 

40 hydraulic circuit enables the hydraulic actuators to be 
locked at the same time as in the case of the first aspect 
of the present invention. Moreover, since pilot pressu- 
rized oil switches the unloading oil line selector valve, 
only stopping pilot pressurized oil feed causes the 

45 hydraulic actuators to be locked, and the hydraulic cir- 
cuit arrangement is simple. 

According to the second aspect of the present 
invention again, the control valves can be prevented 
from being switched to the pressurized oil feed position 

so by shutting off pilot pressurized oil fed to the pilot valves 
and unloading oil line selector valve when the pilot oil 
line selector valve is closed. 

According to the first and second aspects of the 
present invention, a hydraulic circuit for hydraulic equip- 

55 ment according to any of claims 1 through 3, wherein 
there are provided an additional hydraulic actuator 
besides said plurality of hydraulic actuators, a second 
pressurized oil source that feeds pressurized oil to the 
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additional hydraulic actuator, and a second control valve 
that controls pressurized oil feed to the additional 
hydraulic actuator, and the unloading oil line selector 
valve can be switched not only to open and dosed posi- 
tions which cause the unloading oil line to open and 
close but to a confluence position which causes a valve 
path feeding to the second control valve pressurized oil 
flowing through the oil line from the pressurized oil 
source for the plurality of hydraulic actuators to the 
unloading oil line selector valve to open to join together 
pressurized oil from said oil line and pressurized oil from 
the second pressurized oil source. The unloading oil 
line selector valve not only opens or closes the unload- 
ing oil line but joins together pressurized oil from one of 
the pressurized oil sources and pressurized oil from the 
other. That is, the unloading oil line selector valve has 
two functions used for hydraulic circuits, thus simplifying 
hydraulic circuit arrangement. 

In the hydraulic circuit, the oil line from the pressu- 
rized oil source for the plurality of hydraulic actuators to 
the unloading oil line selector valve is formed so that the 
oil line passes through a neutral control valve which 
does not allow pressurized oil to be fed to its corre- 
sponding hydraulic actuator. This is favorable because 
pressurized oil can be fed to the additional hydraulic 
actuator when pressurized oil is not fed to the plurality of 
hydraulic actuators. 

Brief Description of the Drawings 

Figure 1 is a side view of a hydraulic shovel. 

Figure 2 is a diagram of part of a hydraulic circuit for 
a hydraulic shovel. 

Figure 3 is a diagram of another part of the hydrau- 
lic circuit for a hydraulic shovel. 

Figure 4 is a diagram of still another part of the 
hydraulic circuit for a hydraulic shovel. 

Figure 5 is an enlarged view illustrating the connec- 
tions of a first selector valve. 

Figure 6 is an enlarged view illustrating the connec- 
tions of a second selector valve. 

Best Mode for Carrying Out the Invention 

Referring now to the drawings, an embodiment of 
the present invention is described below. In the draw- 
ings, the numeral 1 indicates a hydraulic shovel. The 
hydraulic shovel 1 comprises crawler type lower struc- 
ture 2; an upper structure 3 pivoted over the lower struc- 
ture 2 so that it rotates freely; and a work attachment 4 
installed in front of the upper sturcuture 3. The hydraulic 
shovel 1 also has right and left travel motors 5R and 5L 
for traveling the lower structure 2; a swing motor 6 for 
swinging the upper sturcture 3; and several actuators 
including a boom swing cylinder 9, shifting a boom 7 
from side to side; an arm cylinder 1 1 , moving an arm 1 0 
back and forth; a bucket cylinder 13. moving a bucket 12 
back and forth; and a blade cylinder 15, moving a blade 



14 up and down. These hydraulic actuators are 
arranged so that they operate by means of pressurized 
oil from hydraulic pumps P driven by an engine E as a 
power source which is installed in the upper structure 3. 

5 Referring now to the hydraulic circuits in Figures 2, 

3. and 4, pressurized oil feed to the hydraulic actuators 
above are described below. The embodiment has two 
hydraulic pumps P, that is, first and second hydraulic 
pumps P1 and P2. These pumps P1 and P2 are 

w arranged so that pressurized oil from them is fed to the 
actuators through a control valve unit 16 for controlling 
pressurized oil feed to the actuators. 

The control valve unit 16 incorporates various 
valves including boom swing, blade, swing, arm, right 

is travel, left travel, boom, and bucket control valves 17, 
18, 19, 22, 23R, 23L, 25, and 26, a control valve 21 for 
a replacement attachment (for example, an attachment 
removably attached to a hydraulic shovel, such as a 
breaker, not shown), first and second selector valves 20 
, 20 and 24, and relief valves 27, 28, and 29. The control 
valve unit also has various ports formed therein, includ- 
ing first and second pump ports PA and PB connected 
to the first hydraulic pump P1 ; a third pump port PC con- 
nected to the second hydraulic pump P2; first and sec- 

25 ond tank ports TA and TB connected to an oil reservoir 
T; input/output ports 9A, 9B, 15A, 15B, 6A, 6B, 11 A, 
11B, 5RA, 5RB, SLA, 5LB, 8A, 8B, 13A, 13B connected 
to the boom swing cylinder 9, blade cylinder 15, swing 
motor 6, arm cylinder 1 1 , right travel motor 5R, left travel 

30 motor 5L, boom cylinder 8, and bucket cylinder 13; and 
input/output ports 21 A and 21 B (power takeouts PTO) 
detachably connected to a replacement attachment (the 
ports 21 A and 21 B are closed when no replacement 
attachment is installed). 

35 Using control levers, the control valves 17, 18, 19, 
21, 22, 23R, 23L, 25, and 26 in the control valve unit 16 
can be switched from a neutral position X, which allows 
no pressurized oil to be fed from the hydraulic pumps P1 
and P2 to the hydraulic actuators, to a pressurized oil 

40 feed position Y, which allows pressurized oil to be fed to 
one of the input/output ports of a corresponding hydrau- 
lic actuator, or a pressurized oil feed position Z, which 
allows pressurized oil to be fed to the other (a blade 
control valve 18 can be placed in a blade own-weight 

45 descent position W, as well as the positions X, Y and Z, 
which does not allow pressurized oil to be fed, but the 
blade cylinder 15 to be contracted by the own weight of 
the blade 14). The swing, arm, boom, and bucket con- 
trol valves 19, 22, 25, and 26 are arranged so that they 

50 are pilot-operated; that is, feeding pilot pressurized oil 
from revolving, arm, boom, and bucket pilot valves 32, 
33, 34, and 35 to pilot ports 19a, 19b, 22a. 22b, 25a, 
25b, 26a, and 26b. formed in the control valves 19, 22, 
25, and 26, by using operating levers 30 and 31 causes 

55 the control valves to switch from the neutral position X to 
the pressurized oil feed position. Y or Z. The boom 
swing, blade, replacement attachment, right travel, and 
left travel control valves 17, 18, 21, 23L, and 23R are 
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arranged so that they are manually operated; that is, 
using operating levers 17a, 18a, 21a, 23La, and 23Ra 
directly linked through linkages with the control valves 
causes them to switch from the neutral position X to the 
pressurized oil feed position Y or Z. 

As described above, the embodiment uses pilot- 
operated or manually operated control valves. The 
present invention, however, is not limited to control 
valves of these two types and can apply to such control 
valves as operated mechanically or electrically. 

Below is briefly described a basic hydraulic circuit 
formed in the control valve unit 16. A first pump center 
bypass oil line D passes through the first pump port PA 
and then the second selector valve 24 and connects to 
the left running control valve 23L placed downstream, 
which is in the pressurized oil feed position Y or 2. The 
oil line D also passes through the left running control 
valve 23L, which is in the neutral position X, the boom 
control valve 25, and the bucket control valve 26 and 
reaches a tank oil line F, connecting to the first tank port 
TA or the second tank port TB. 

A first pump parallel oil line G passes through the 
first pump port PA, the second selector valve 24, a 
restrictor 36, and a check valve 37 and connects to the 
boom control valve 25 and the bucket control valve 26, 
which are in the pressurized oil feed position Y or Z. The 
oil line G is installed in parallel with the first pump center 
bypass oil line D. Pressurized oil passing through the 
left running control valve 23L and boom control valve 25 
along the first pump center bypass oil line D flows 
through check valves 38 and 39 into the first pump par- 
allel oil line G. 

A second pump center bypass oil line H passes 
through the second pump port PB and then the second 
selector valve 24 and connects to the right travel control 
valve 23R placed downstream, which is in the pressu- 
rized oil feed position Y or Z. The oil line H also passes 
through the right travel control valve 23R, which is in the 
neutral position X, the arm control valve 22, and the 
replacement attachment control valve 21 and reaches 
the tank oil line F. 

A second pump parallel oil line J passes through 
the second pump port PB, the second selector valve 24 
at a junction described below, a restrictor 40, and a 
check valve 41 and connects to the arm control valve 
22, which is in the pressurized oil feed position Y or Z, 
and the replacement attachment control valve 21. The 
oil line J is installed in parallel with the second pump 
center bypass oil line H. Pressurized oil running along 
the second pump center bypass oil line H through the 
right travel control valve 23R and arm control valve 22; 
which are in the neutral position X, flows through check 
valves 42 and 43 into the second pump parallel oil line J. 

A third pump center bypass oil line K passes 
through the third pump port PC and connects to the 
boom swing control valve 17, which is in the pressurized 
oil feed position Y or Z. The oil line K also passes 
through the boom swing control valve 17, blade control 



valve 18, revolving control valve 19, and first selector 
valve, ail of which are in the neutral position X, and 
reaches the tank oil line F. 

A third pump parallel oil line L, branching from the 

5 third center bypass oil line K upstream of the control 
valves 17, 18, and 19 connects to the blade control 
valve and swing control valve 19 which are in the pres- 
surized oil feed position Y or Z and the second selector 
valve 20 in the neutral position X, which valve is 

10 described later. The oil line L is installed in parallel with 
the third pump center bypass oil line K. 

The left travel control valve 23L is arranged as 
described below. When in the neutral position X, the 
travel control valve 23L allows pressurized oil passing 

is through the first pump center bypass oil line D to flow to 
the side of the boom control valve 25 and pressurized oil 
passing through a fourth branch pilot oil line M, 
described later, to flow to the side of the boom control 
valve 25 and tank oil line F. When in the pressurized oil 

20 feed position Y or Z, on the other hand, the control valve 
23L allows pressurized oil input from the first pump 
center bypass oil line D to be output to the left running 
input/output ports SLA and 5LB and pressurized oil 
passing through the fourth branch pilot oil line M to flow 

25 to the side of the boom control valve 25. 

The boom control valve 25 is arranged as 
described below. When in the neutral position X, the 
boom control valve 25 allows pressurized oil passing 
along the first pump center bypass oil line D through the 

30 left travel control valve 23L and pilot pressurized oil 
passing through the fourth branch pilot oil line M to flow 
to the side of the bucket control valve 26. When in the 
pressurized oil feed position Y or Z, The boom control 
valve 25 allows pressurized oil input through a check 

35 valve 44 from the first pump parallel oil line G to be out- 
put to the boom input/output ports 8A and 8B. 

The bucket control valve 26 is arranged as 
described below. When in the neutral position X, the 
bucket control valve 26 allows pressurized oil running 

40 along the first center bypass oil line D through the boom 
control valve 25 to flow into the tank oil line F and pilot 
pressurized oil running along the fourth branch pilot oil 
line M through the left travel control valve 23L and boom 
control valve 25 to flow to the side of the arm control 

45 valve 22. When in the pressurized oil feed position Y or 
Z, on the other hand, the bucket control valve 26 allows 
pressurized oil input through a check valve 45 from the 
first pump parallel oil line G to be output to the bucket 
input/output ports 13A and 13B. 

so The right travel control valve 23 R is arranged as 
described below. When in the neutral position X, the 
right travel control valve 23R allows pressurized oil 
passing through the second pump center bypass oil line 
H to flow to the side of the arm control valve 22. When 

55 in the pressurized oil feed position Y or Z, on the other 
hand, the control right travel valve 23R allows pressu- 
rized oil input from the second pump center bypass oil 
line H to be output to the right running input/output ports 



>: <EP 0819795A1J_> 



7 



EP 0 819 795 A1 



8 



5RA and 5RB. 

The arm control valve 22 is arranged as described 
below. When in the neutral position X, the arm control 
valve 22 allows pressurized oil passing along the sec- 
ond pump center bypass oil line H through the right 
travel control valve 23 R to flow to the side of the 
replacement attachment control valve 21 and pilot pres- 
surized oil running along the fourth branch pilot oil line 
M through the left travel control valve 23L, boom control 
valve 25, and bucket control valve 26 to flow into the 
tank oil line F. When in the pressurized oil feed position 
Y or 2, on the other hand, the arm control valve 22 
allows pressurized oil input through a check vatve 46 
from the second pump parallel oil line J to be output to 
the arm input/output ports 1 1 A and 1 1 B. 

The replacement attachment control valve 21 is 
arranged as described below. When in the neutral posi- 
tion X, the control valve 21 allows pressurized oil run- 
ning along the second pump center bypass oil line H 
through the right travel control valve 23 R and arm con- 
trol valve 22 to flow into the tank oil line F. When in the 
pressurized oil feed position Y or Z, on the other hand, 
the control valve 21 allows pressurized oil input through 
a check valve 47 from the second pump parallel line J to 
be output to the replacement attachment input/output 
ports 21 A and 21 B. 

The boom swing control valve 17 is arranged as 
described below. When in the neutral position X, the 
boom swing control valve 17 allows pressurized oil 
passing through the third pump center bypass oil line K 
to flow to the side of the blade control valve 1 8. When in 
the pressurized oil feed position Y or Z, on the other 
hand, the control boom swing valve 17 allows pressu- 
rized oil input through a check valve 48 from the third 
pump center bypass oil line K to be output to the boom 
swing input/output ports 9A and 9B. 

The blade control valve 18 is arranged as described 
below. When in the neutral position X or blade own- 
weight descent position W, the blade control valve 18 
allows pressurized oil running along the third pump 
center bypass oil line K through the boom swing control 
valve 1 7 to flow to the side of the swing control valve 19. 
When in the pressurized oil feed position Y or Z, on the 
other hand, the control valve 1 7 allows pressurized oil 
input through a check valve 49 from the third pump par- 
allel oil line L to be output to the blade input/output ports 
15Aand15B. 

The swing control valve 19 is arranged as 
described below. When in the neutral position X, the 
swing control valve 19 allows pressurized oil running 
along the third pump center bypass oil line K through 
the boom swing control valve 17 and the blade control 
valve 1 8 to flow to the side of the first selector valve 20. 
When in the pressurized oil feed position Y or Z, on the 
other hand, the control valve 19 allows pressurized oil 
input through a check valve 50 from the third pump par- 
allel oil line L to be output to the revolving input/output 
ports 6A and 6B. 



The first selector valve 20 is pilot-operated so that it 
switches between three positions according to the con- 
dition of pressurized oil feed to the first and second pilot 
ports 20f and 20g. A first port 20a connects to the third 

s pump parallel oil line L; a second port 20b, the pump 
center bypass oil line K; a third port 20c, the tank oil line 
F; and a fourth port 20d, the tank oil line F. A fifth port 
20e connects to a confluence oil line Q joining an oil line 
that leads through a check valve 51 to the replacement 

io attachment control valve 21 in the second pump parallel 
oil line J. 

The first selector valve 20 is arranged so that the 
valve path from the first port 20a to the third port 20c 
and those from the second port 20b to the fourth and 
is fifth ports 20d and 20e open when the selector valve is 
in the neutral position X which does not allow pressu- 
rized oil to be fed to the first and second pilot ports 20f 
and 20g. This arrangement causes pressurized oil fed 
from the second hydraulic pump P2 through the third 
20 pump port PC to be unloaded through the third pump 
parallel oil line L into the tank oil line F. 

As describe later, when in the single-flow position Y 
which allows pilot pressurized oil to be fed to the first 
pilot port 20f, the first selector valve 20 is arranged so 
25 that the first and third ports 20a and 20c close and that 
the valve path from the second port 20b to the fourth 
and fifth ports 20d and 20e open. This arrangement pre- 
vents pressurized oil flowing through the third pump 
parallel oil line L from being unloaded into the tank oil 
30 line F (that is, the unloading oil line closes) and allows 
pressurized oil running along the third pump center 
bypass oil line K through the boom swing control valve 
17, blade control valve 18, and swing control valve 19, 
all of which are in the neutral position X, to be unloaded 
into the tank oil line F. 

When in the confluence position Z that allows pilot 
pressurized oil is fed to the second pilot port 20g, the 
first selector valve 20 is arranged so that the first, third, 
and fourth ports 20a, 20c, and 20d open and that the 
valve path from the second port 20b to the fifth port 20e 
opens. This arrangement prevents pressurized oil pass- 
ing through the third pump parallel oil line L from being 
unloaded into the tank oil line F as described above and 
allows pressurized oil running along the third pump 
center bypass oil line K through the boom swing control 
valve 17, blade control valve 18, and swing control valve 
19, all of which are in the neutral position X, to flow 
through the confluence oil line Q to the side of the 
replacement attachment control valve 21. 

Hie second selector valve 24 is pilot-operated so 
that it switches between three positions according to the 
condition of pressurized oil feed to the first and second 
pilots 24h and 24i. A first port 24a connects to the first 
pump port PA; a second port 24b. the first pump center 
bypass oil line D; a third port 24c, the first pump parallel 
oil line G; a fourth port24d, the second pump port PB; a 
fifth port 24e, the second pump center bypass oil line H; 
a sixth port 24f, the tank oil line F; and a seventh port 
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24g, the second pump parallel oil line J. 

The second selector valve 24 is arranged so that 
the third and seventh ports 24c and 24g close and that 
the valve paths from the first and fourth ports 24a and 
24d to the second, fifth, and sixth ports 24b, 24e, and 
24f open when the selector valve is in the neutral posi- 
tion X which does not allow pilot pressurized oil to act on 
the first and second pilots 24h and 24i. This arrange- 
ment causes pressurized oil fed from the first and sec- 
ond pump ports PA and PB to be unloaded into the tank 
oil line F. 

As described later, when pilot pressurized oil acts 
on the first pilot 24 only but does not on the second pilot 
24i, the second selector valve 24 is placed in the single- 
flow position Y. When in the single-flow position Y, the 
second selector valve is arranged so that the third, sixth, 
and seventh ports 24c, 24f, and 24g close and that the 
valve path from the first port 24a to the second port 24b 
and that from the fourth port 24d to the fifth port 24e 
open. This arrangement causes pressurized oil fed from 
the first pump port PA to flow into the first pump center 
bypass oil line D and pressurized oil fed from the sec- 
ond pump port PB to flow into the second pump center 
bypass oil line H. 

When the pilot pressurized oil acts on the first and 
second pilots 24h and 24i, the second selector valve is 
placed in the confluence position Z. When in the conflu- 
ence position, the second selector valve is arranged so 
that the sixth port closes and that the valve paths from 
the first and fourth ports 20a and 20d to the second, 
third, fifth, and seventh ports 20b, 20c, 20e, and 20g 
open. Restrictors 52 and 53 are placed in the valve 
paths from the first and fourth ports 20a and 20d to the 
second and fifth ports 20b and 20e. The arrangement 
above causes pressurized oil from the first pump port 
PA and pressurized oil from the second pump port PB to 
join together at the second selector valve 24 and flow 
into the first pump center bypass oil line D, first pump 
parallel oil line G, second pump center bypass oil line H, 
and second pump parallel oil line J. 

A pressurized oil feed circuit is described below. 
The embodiment is arranged to use some of pressu- 
rized oil fed from the second hydraulic pump P2. Pilot 
pressurized oil from the second hydraulic pump P2 is 
fed through a safety valve 54 and a pilot filter 55, both of 
which will be described later, to the swing, arm, boom, 
bucket control valves 32, 33, 34, and 35 and then from 
these valves to the pilot ports 19a, 19b, 22a, 22b, 25a, 
25b, 26a, and 26b of the swing, arm, boom, and bucket 
control valves 1 9, 22, 25, and 26. 

A first branch pilot oil line S, leading to an electro- 
magnetic selector valve 56, described later, is formed 
so that the line branches from the pilot oil line R running 
from the pilot filter 55 to the pilot valves 32, 33, 34, and 
35. A second branch pilot oil line U, leading through the 
filter 57 to the first pilot 24h of the second selector valve 
24, is formed so that the line branches from the middle 
of the first branch pilot oil line S. A third branch pilot oil 



line N, leading through a restrictor 58 to the second pilot 
24i, is formed so that the line branches from the oil line 
between the filter 57 and the first pilot 24h in the second 
branch pilot oil line U. The fourth branch pilot oil line M 

5 is formed so that the line branches from the oil line 
between the restrictor 58 and the second pilot 24i in the 
third branch pilot oil line N. 

The safety valve 54 is a two position selector valve 
switched by operating a safety lever 54d installed at the 

10 operator's seat. The fist port 54a connects to the sec- 
ond hydraulic pump P2; the second port 54b, the oil res- 
ervoir T; and the third port 54c, the pilot filter 55. 

When the safety lever 54d is in the locked position, 
the safety valve 54 is also in the locked position which 

15 causes the first port 54a to close and the valve path 
from the third port 54c to the second port 54b to open. 
When in the locked position, the safety valve shuts off 
pilot pressurized oil from the second hydraulic pump P2, 
thus preventing pilot pressurized oil from being fed to 

20 the pilot oil line R and the first, second, third, and fourth 
branch pilot oil lines S, U, N, and M. 

When the safety lever 54d is in the unlocked posi- 
tion, the safety valve 54 is also in the unlocked position 
which causes the second port 54b to close and the 

25 valve path from the first port 54a to the third port 54c to 
open. When the safety valve is in the unlocked position 
pilot pressurized oil from the second hydraulic pump P2 
is fed to the pilot oil line R and the first, second, third, 
and fourth branch pilot oil lines S, U, N, and M. 

30 The electromagnetic selector valve 56 is a two posi- 
tion selector valve. A first port 56a connects to the first 
branch pilot oil line S; a second port 56b, the oil reser- 
voir T; and a third port 56c, the first pilot port 20f of the 
first selector valve 20; and a fourth port 56d, the second 

35 pilot port 20g of the first selector valve 20. 

The solenoid 56e of the electromagnetic selector 
valve 56 electrically connects to the operating lever 21 a 
for the replacement attachment control valve 21 (or to a 
control unit connected to the replacement attachment 

40 control valve 21 or to the replacement attachment con- 
trol valve 21 itself). The electromagnetic selector valve 
56 is arranged so that it is placed in the single-flow posi- 
tion Y which causes the valve path from the first port 
56a to the third port 56c and that from the fourth port 

45 56c to the second port 56b to open when the control 
lever 21a is not in use; that is, the replacement attach- 
ment control valve 21 is in the neutral position X. When 
the electromagnetic selector valve is in the single-flow 
position Y, pilot pressurized oil from the first branch pilot 

so oil line S is fed to the first pilot port 20f of the first selec- 
tor valve 20. Thus the first selector valve 20 is placed in 
the single-flow position Y as described above. 

The electromagnetic selector valve 56 is also 
arranged so that the valve is placed in the confluence 

55 position Z which causes the valve path from the first port 
56a to the fourth port 56d and that from the third port 
56c to the second port 56b to open when the operating 
lever 21a is in use; that is, the replacement attachment 
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control valve 21 is in the pressurized oil feed position Y 
or Z. When the electromagnetic selector valve is in the 
confluence position, pilot pressurized oil from the first 
branch pilot oil line S is fed to the second pilot port 20g 
of the first selector valve 20. Thus the first selector valve 5 
20 is placed in the confluence position Y as described 
above. 

Below is described pilot pressurized oil acting on 
the pilots 24h and 24i of the second selector valve 24. 
As described above, pilot pressurized oil is not fed to the 10 
second, third, or fourth branch pilot oil line when the 
safety valve 54 is in the locked position. This, in turn, 
means that pilot pressurized oil acts neither on the first 
pilot 24h nor on the second pilot 24i, so that the second 
selector valve 24 is placed in the neutral position X as is 
described above. 

The selector valve 54 switching to the unlocked 
position causes pilot pressurized oil to be fed to the sec- 
ond, third, and fourth branch pilot oil lines U, N, and M. 
When pilot pressurized oil is fed to the branch pilot oil 20 
lines and the fourth branch pilot oil line M is open, that 
is, the boom control valve 25, bucket control valve 26. 
and arm control valve 22 are in the neutral position X, 
pilot pressurized oil acts on the first pilot 24h due to the 
throttling effect of the restrictor 58 downstream of the 25 
first pilot, but does not on the second pilot 24i. Thus the 
second selector valve 24 is placed in the single-flow 
position X as described above. 

When pilot pressurized oil is fed to the second, 
third, and fourth branch pilot oil lines U, N, and M and 30 
the fourth branch pilot oil line M is closed, that is, when 
the left travel control valve 23L is in the pressurized oil 
feed position Y or Z and at least one of the boom, 
bucket, and arm control valves 25, 26, and 22 is in the 
pressurized oil feed position Y or Z, pilot pressurized oil 35 
acts on both first and second pilots 24h and 24i, so that 
the second selector valve 24 is placed in the confluence 
position Z as described above. 

For the arrangements described above, when the 
hydraulic actuators installed in the hydraulic shovel 1 40 
need to be locked, for example, the operator leaves the 
operators seat, he places the safety valve 54 in the 
locked position, using the safety lever 54d. When the 
safety valve is in the locked position, no pilot pressu- 
rized oil is fed to the pilot oil line R or the first, second, 45 
third, and fourth branch pilot oil lines S, U, N, and M, as 
described above. Thus pilot pressurized oil is not fed to 
the pilot port 19a, 19b, 22a. 22b, 25a, 25b, 26a. and 26b 
even though the pilot valves 32, 33, 34, and 35 are 
switched using the operating levers 30 and 31. This so 
leads the swing, arm, boom, and bucket control valves 
19, 22, 25, and 26. which are pilot-operated, not to 
switch from the neutral position X to the pressurized oil 
feed position Y or Z, so that the swing motor 6, arm cyl- 
inder 11, boom cylinder 9, or bucket cylinder 13 does 55 
not operate. 

When pilot pressurized oil is not fed to the pilot oil 
lines, it is fed neigher to the pilot ports 20f and 20g of the 



first selector valve 20 nor to the pilots 24h and 24i of the 
second selector valve 24, so that the first and second 
selector valves 20 and 24 are both placed in the neutral 
position X. 

When the first and second selector valves are in the 
neutral position X, pressurized oil fed from the second 
hydraulic pump P2 through the third pump port PC is 
unloaded through the first selector valve 20 into the tank 
oil line F, as described above. Pressurized oil fed from 
the first hydraulic pump P1 through the first and second 
pump ports PA and PB is also unloaded through the 
second selector valve 24 into the tank oil line F. Thus 
pilot pressurized oil is not fed to the boom swing cylinder 
9, blade cylinder 15, replacement attachment, or right 
and left travel motors 5R and 5L even though the man- 
ual control valves 17,18, 21, 23L, and 23R are switched 
to the pressurized oil feed position Y or Z using the 
boom swing, blade, replacement attachment, and right 
and left travel control levers 17a, 18a, 21a, 23La, and 
23Ra. This means that the hydraulic actuators 9, 15, 5L 
and 5R do not operate. 

To unlock a hydraulic actuator, that is, use a operat- 
ing lever for operating its corresponding hydraulic actu- 
ator, the safety valve 54 is switched to the unlocked 
position using the safety lever 54d. When the safety 
valve is in the unlocked position, pilot pressurized oil is 
fed to the pilot oil line R and the first, second, third, and 
fourth branch pilot oil lines S, U, N, and M. That is, using 
the operating levers 30 and 31 causes the pilot valves 
32, 33, 34, and 35 to switch from one position to 
another. Thus pilot pressurized oil is fed to the pilot 
ports 19a, 19b, 22a, 22b, 25a, 25b, 26a, and 26b, so 
that the swing, arm, boom, and bucket control valves, 
which are pilot-operated, switch from the neutral posi- 
tion X to the pressurized oil feed position Y or Z. 

When pressurized oil is fed to the pilot oil lines, it is 
also fed to the pilot ports 20f and 20g of the first selector 
valve 20 and the pilots 24h and 24i of the second selec- 
tor valve 24. When the replacement attachment operat- 
ing lever 21a is not in use, pilot pressurized oil is fed 
from the first branch pilot oil line S through the electro- 
magnetic selector valve 56, which is in the single-flow 
position Y, to the first pilot port 20f, so that the first selec- 
tor valve 20 is placed in the single-flow position Y. When 
the first selector valve is in the single-flow position, pres- 
surized oil fed from the second hydraulic pump P2 
through the third pump port PC is further fed through the 
control valves 17, 18. and 19, which have been switched 
to the pressurized oil feed position Y or Z using the 
boom swing, blade, and swing operating levers 17a, 
18a, and 30, to hydraulic actuators, that is, the boom 
swing cylinder 9. blade cylinder 15, and swing motor 6. 
This means that using the operating levers allows the 
hydraulic actuators to operate. 

Using the operating lever 21a for a replacement 
attachment attached to the hydraulic shovel 1 causes 
the electromagnetic selector valve 56 to switch to the 
confluence position Z, thus feeding pilot pressurized oil 
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from the first branch pilot oil line S to the second pilot 
port 20g of the first selector valve 20. As a result, the 
first setettor valve 20 switches to the confluence posi- 
tion Z. When at least one of the boom swing, blade, and 
swing operating levers 17a, 18a, and 30 is in use, with 5 
the first selector valve 20 in the confluence position Z, 
pressurized oil is fed from the third pump center bypass 
oil line K and third pump parallel oil line L through the 
control valves 1 7, 18, and 1 9 to the boom swing cylinder 
9, blade cylinder 15, and swing motor 6, so that the 10 
hydraulic actuators 9, 15, and 6 can operate. When 
none of the boom swing, blade, and swing operating 
levers 1 7a, 1 8a, and 30 is in use, pressurized oil flowing 
through the third pump center bypass oil line K flows 
into the second pump parallel oil line J connected to the 15 
replacement attachment control valve 21, through the 
control valves 17, 18, and 19, which are in the neutral 
position X; the first selector valve 20, which is in the con- 
fluence position Z; and the confluence oil line Q. This 
causes pressurized oil to be fed from not only the sec- 20 
ond pump parallel oil line J but the third center bypass 
oil line K to the replacement attachment. 

When pressurized oil is fed to the pilot oil lines, with 
none of the boom, bucket, and arm operating levers 30 
and 31 in use, pilot pressurized oil acts only on the first 25 
pilot 24h, as described above, so that the second selec- 
tor valve 24 is placed in the single-flow position Y. When 
the second selector valve is in the single-flow position Y, 
pressurized oil fed from the first hydraulic pump P1 
through the first pump port PA is further fed from the first 30 
pump center bypass oil line D through the left travel con- 
trol valve 23 L, which has been switched to the pressu- 
rized oil feed position Y or Z using the operating lever 
23La, to the left travel motor 5L. Pressurized oil fed from 
the first hydraulic pump PI through the second pump 35 
port PB, on the other hand, is further fed from the sec- 
ond pump center bypass oil line H and second pump 
parallel oil line J through the right travel and replace- 
ment attachment control valves 23 R and 21 , which have 
been switched to the pressurized oil feed position Y or Z 40 
using the operating levers 23Ra and 21a, to the right 
and left travel motors 5R and 5L and replacement 
attachment hydraulic actuator. This, in turn, means that 
using the operating levers allows the hydraulic actuators 
to operate. Pressurized oil from the first pump port PA is as 
fed to the left running motor 5L, and pressurized oil from 
the second pump port PS is fed to the right running 
motor 5R and replacement attachment hydraulic actua- 
tor; that is, pressurized oil from the two different ports 
PA and PB are fed to their corresponding special so 
hydraulic actuators. 

When the left travel operating lever 23La and at 
least one of the boom, bucket, and arm operating levers 
31 and 30 are in use, pilot pressurized oil acts on both 
first and second pilots 24h and 24i, thus placing the sec- ss 
ond selector valve 24 in the confluence position Z. 
When the second selector valve is in the confluence 
position Z, pressurized oil from the first pump port PA 



and pressurized oil from the second pump port PB join 
together in the second selector valve 24, flow into the 
pump center bypass oil line D, f irst pump parallel oil line 
G, second pump bypass oil line H, and second pump 
parallel oil line J, and feed through the control valves 21 , 
22, 23L, 23 R, 25, and 26, which have been switched to 
the pressurized oil feed position Y or Z using the 
replacement attachment, arm, right and left travel, 
boom, and bucket operating levers 21a, 30, 23La, 23 Ra, 
and 31 , into hydraulic actuators, that is, the replacement 
attachment hydraulic actuator, arm cylinder 11, right 
and left travel motors 5R and 5L, boom cylinder 8, and 
bucket cylinder 13. This, in turn, means that using the 
operating levers allows the hydraulic actuators to oper- 
ate. After joining together in the second selector valve 
24, pressurized oil from the first pump port PA and pres- 
surized oil from the second pump port PB are fed to the 
actuators as required. 

As described above, in the embodiment, only 
switching the safety valve 54 between locked and 
unlocked positions allows a plurality of actuators to be 
locked and unlocked at the same time no matter 
whether the control vaives controlling pressurized oil 
feed to the actuators are pilot-operated or operated by 
other means. This increases hydraulic actuator opera- 
biiity. Moreover, the present invention eliminates the 
need for locking devices for conventional control valves 
that are not pilot-operated, thus helping reduce hydrau- 
lic circuit cost. 

In addition, the first and second selector valves 20 
and 24 can not only switch between feeding pressurized 
oil from the hydraulic pumps P1 and P2 to the hydraulic 
actuators and unloading the oil to the side of the oil res- 
ervoir T but join together a pump oil line from one of the 
hydraulic pumps and a pump oil line from the other. This 
means that one selector valve has two functions, thus 
reducing the number of parts in a hydraulic circuit and 
cutting hydraulic circuit cost. 

In Figures 1, 2, and 3, the items with the same cir- 
cled numbers are connected together. 

industrial Availability 

Taken together, the present invention is industrially 
available in terms of the following advantages. 

The arrangement described in claim 1 enables 
hydraulic actuators to be locked at a time by stopping 
pressurized oil feed to the actuators by opening unload- 
ing oil lines, which advantage eliminates the need for 
troublesome locking of individual hydraulic actuators. 

The arrangement described in claim 2 also enables 
hydraulic actuators to be locked at a time as in the case 
of the arrangement of claim 1 . Since pilot pressurized oil 
switches the unloading oil line selector valve, only stop- 
ping pilot pressurized oil feed causes the actuators to 
be locked, and the hydraulic circuit is simple. 

The arrangement described in claim 2, when rear- 
ranged as described in claim 3, prevents the control 
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valves from being switched to the pressurized oil feed 
position and the unloading oil line selector valve from 
being switched to the closed position by closing the pilot 
oil line selector valves, so that a plurality of hydraulic 
actuators can be locked at a time. 

The arrangements described in claims 1 through 3, 
when rearranged as described in claim 4, enable the 
unloading oil line selector valve not only to open or close 
the unloading oil line but to join together pressurized oil 
from one of the pressurized oil sources and pressurized 
oil from the other. Thus the unloading oil line selector 
switch has two functions in the hydraulic circuit, thus 
helping simplify hydraulic circuit arrangement. 

The arrangement described in 4, when rearranged 
as described in claim 5 t favorably enables the additional 
hydraulic actuator besides the plurality of hydraulic 
actuators to be fed with pressurized oil when they are 
not fed with pressurized oil. 

z Claims 

1- A hydraulic circuit for hydraulic equipment, which 
circuit is arranged so that pressurized oil feed to a 
plurality of hydraulic actuators is controlled using 
their corresponding control valves, wherein there 
are provided an unloading oil line that leads from a 
pressurized oil source, which feeds pressurized oil 
to said plurality of hydraulic actuators, to an oil res- 
ervoir without passing through the control valves 
and an unloading oil line selector valve that opens 
or closes the unloading oil line. 

2. A hydraulic circuit for hydraulic equipment, which 
circuit is arranged so that pressurized oil feed to a 
plurality of hydraulic actuators is controlled using 
their corresponding control valves and uses both 
pilot-controlled means, relying on pilot pressurized 
oil fed to the control valves to switch them, and 
other means as valve switching means, wherein 

( there are provided an unloading oil line that leads 

from a pressurized oil source feeding pressurized 
oil to said hydraulic actuators to an oil reservoir 
without passing through the control valves of the at 
least other means and an unloading oil line selector 
valve that opens or closes the unloading oil line, 
and furthermore there is provided a branch pilot oil 
line between a supply source of said pilot pressu- 
rized oil and a pilot valve switching pilot pressurized 
oil into said control valve, said unloading oil line 
selector valve is arranged to switch from open posi- 
tion to closed position by feeding pilot pressurized 
oil through the branch pilot oil line and a pilot oil line 
selector valve for opening or closing said pilot oil 
line is placed in a pilot oil line between said pilot 
pressurized oil source and a branch point for open- 
ing or closing said pilot oil line. 

3. A hydraulic circuit for hydraulic equipment accord- 



ing to claim 2, wherein pilot pressurized oil fed to 
the pilot valve and unloading oil line selector valve 
is shut off to prevent the control valves from being 
switched to a pressurized oil feed position and the 
5 unloading oil line selector valve from being 

switched to a closed position when said pilot oil 
selctor valve is closed. 

4. A hydraulic circuit for hydraulic equipment accord- 
io ing to any of claims 1 through 3, wherein there are 

provided an additional hydraulic actuator besides 
said plurality of hydraulic actuators, a second pres- 
surized oil source that feeds pressurized oil to the 
additional hydraulic actuator, and a second control 

15 valve that controls pressurized oil feed to the addi- 
tional hydraulic actuator, and the unloading oil line 
selector valve can be switched not only to open and 
closed positions which cause the unloading oil line 
to open and close but to a confluence position 

20 which causes a valve path feeding to the second 
control valve pressurized oil flowing through the oil 
line from the pressurized oil source for the plurality 
of hydraulic actuators to the unloading oil line selec- 
tor valve to open to join together pressurized oil 

25 from said oil line and pressurized oil from the sec- 
ond pressurized oil source. 

5. A hydraulic circuit for hydraulic equipment accord- 
ing to claim 4, wherein the oil line from the pressu- 
re rized oil source for the plurality of hydraulic 

actuators to the unloading oil line selector valve is 
formed so that the oil line passes through a neutral 
control valve which does not allow pressurized oil to 
be fed to its corresponding hydraulic actuator. 

35 
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